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Fig.1 Schematic diagram of model plumbing system of  
hot water forced circulating.

Tabel 1 Typical analysis of test water. 
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
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ᐜ✚ࢆ᭷ࡋ㸪㧗ᯫỈᵴࡣ㈓‮ᵴࡼࡾࡶ 15m㧗ᡤ࡟タ
⨨ࡋࡓࠋ౪ヨᮦ࡟ࡣእᚄ 22.22mm㸪⫗ཌ 0.81mmࡢ
ࣜࣥ⬺㓟㖡⟶◳㉁ᮦࢆ⏝࠸㸪ヨ㦂Ỉ࡜ࡋ࡚ྡྂᒇᕷ
Ỉ㐨Ỉࢆ౑⏝ࡋࡓࠋTable 1࡟ヨ㦂ỈࡢỈ㉁ศᯒ⤖ᯝ
ࡢ୍౛ࢆ♧ࡍࠋ
ヨ㦂࡛ࡣ㸪ヨ㦂Ỉࢆ㈓‮ᵴෆ࡛ 333K ࡟ຍ ࡋ㸪
ࡇࢀࢆ ⟶㸪౪ヨ㓄⟶㒊㸪㑏⟶ࡢ㡰࡟࣏ࣥࣉ࡟࡚ᚠ
⎔ࡉࡏࡓࠋ౪ヨ㓄⟶㒊࡛ࡣ 3⣔⤫࡟ศ㓄ࡉࢀ㸪ྛ౪
ヨ⟶ධഃࡢࣂࣝࣈ࡟ࡼࡗ࡚ὶ㏿ࢆ 1m/s ࠾ࡼࡧ
1.5m/s ࡟ㄪᩚࡋࡓࠋ⁐Ꮡ✵Ẽࡢᣦᶆ࡜࡞ࡿ⁐Ꮡ㓟⣲
⃰ᗘࡣ㸪ヨ㦂ᮇ㛫ࢆ㏻ࡋ࡚㧗ᯫỈᵴෆ࡛ࡣ 7.5㹼
8.4ppm㸪౪ヨ⟶ฟഃ⤥‮Ỉ࡛ࡣ 7.4㹼9.4ppm࡛࠶ࡾ㸪
⤥‮Ỉࡢ᪉ࡀ㧗࠸ഴྥ࡛࠶ࡗࡓࠋࡇࢀࡣ㸪₽㣗ࡀⓎ
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ࡗࡓࠋ࡞࠾㸪⁐Ꮡ㓟⣲ࡢศᯒࡣ JIS K 0101.24.2࡟ᚑ
ࡗࡓ࢘࢖ࣥࢡ࣮ࣛ࢔ࢪ໬ࢼࢺ࣒ࣜ࢘ኚἲ࡟ࡼࡗ࡚ᐇ
᪋ࡋࡓࠋ࣏࣮ࣜ࢝࣎ࢿ࣮ࢺ〇㏱᫂㓄⟶࡟࡚⟶ෆࡢὶ
ື≧ែࢆ☜ㄆࡍࡿ࡜࡜ࡶ࡟㸪ヨ㦂㛤ጞ 6ࣨ᭶ᚋࡢ౪ 
 
 
 
 
 
 
 
 
 
 
Fig.2 Velocity vector of liquid for 20A downward pipe 
system, temp. : 333K, flow rate : 1.5m/s, pressure 
of outlet : 0Pa-gauge. 
 
 
 
 
 
 
 
 
 
Fig.3 Bubble trajectories for 20A downward pipe system 
temp. : 333K, flow rate : 1.5m/s, pressure of outlet : 
0Pa-gauge. 
 
ヨ⟶ࡢ⭉㣗≧ἣࢆㄪᰝࡋࡓࠋ 
 
䠏㻌 ⤖ᯝ 
 
㸱㸯 㻯㻲㻰ゎᯒ⤖ᯝ
Fig.2 ࡟ୗྥࡁࡢᾮὶࢀ࡟ᑐࡍࡿ㓄⟶୰ᚰ㠃ࡢᾮ
㏿ᗘ࣋ࢡࢺࣝࢆ♧ࡍࠋィ⟬ࡢ⤖ᯝ㸪࢚ࣝ࣎⥅ᡭࡢෆ
R㒊ࡢᾮ㏿ᗘ 2.4m/s࡟ᑐࡋ࡚እ R㒊ࡢࡑࢀࡣ 0.2m/s
࡜పࡃ࡞ࡗࡓࠋࡲࡓ㸪ෆ R㒊ࡢ㧗ᾮ㏿ᗘ㒊ศࡢඛ࡛
ࡣᛴ⃭࡟ᾮ㏿ᗘࡀపୗࡋࡓࠋḟ࡟㸪Fig.3࡟㸪ࡇࡢᾮ
㏿ᗘሙ࡟ᚄࡢ␗࡞ࡿẼἻࢆᑟධࡋࡓሙྜࡢẼἻ㌶㊧
ࢆ♧ࡍࠋ࡞࠾㸪ẼἻᚄࡣ 20μm㹼2mmࡲ࡛ኚ࠼࡚ィ 
⟬ࡋࡓࡀ㸪ࡇࡇ࡛ࡣᚤ⣽ẼἻ㸦௨ᚋ㸪ᮏሗ࡛ࡣ࣐࢖
ࢡࣟࣂࣈࣝ࡜⛠ࡍ㸧㸪⢒኱ẼἻ㸦௨ᚋ㸪ᮏሗ࡛ࡣ࣑ࣜ
ࣂࣈࣝ࡜⛠ࡍ㸧ࡢ௦⾲࡜ࡋ࡚㸪ࡑࢀࡒࢀ 20μm࡜ 2mm
ࡢẼἻᚄ࡟ࡼࡿ㌶㊧ࢆ♧ࡋࡓࠋ࣐࢖ࢡࣟࣂࣈࣝࡣ㸪
⟶ෆࢆᆶ┤࡟㝆ୗࡋ㸪ࡑࡢከࡃࡀ࢚ࣝ࣎⥅ᡭෆ Rഃ
࡬ὶࢀࡓࠋࡑࡋ࡚㸪࢚ࣝ࣎⥅ᡭୗὶഃ㏆ഐࡢ㓄⟶࡟
᥋㏆ࡋࡓᚋ㸪ୗὶഃ┤⟶࡟࡚㓄⟶඲య࡟ᗈࡀࡗ࡚ὶ
ࢀࡓࠋ୍᪉㸪࣑ࣜࣂࣈ࡛ࣝࡣ࢚ࣝ࣎⥅ᡭࡲ࡛ࡣ࣐࢖ 
㻥㻚㻤㻿㼕㻻㻞 㻔㻌㼙㼓㻛㻸㻌㻕
㻣㻚㻜㻯㼘㻙 㻔㻌㼙㼓㻛㻸㻌㻕
㻤㻚㻜㻿㻻㻠㻞㻙 㻔㻌㼙㼓㻛㻸㻌㻕
㻝㻣㻚㻟㻹㻌㼍㼘㼗㼍㼘㼕㼚㼕㼠㼥 㻔㻌㻯㼍㻯㻻㻟 㼙㼓㻛㻸㻌㻕
㻝㻢㻚㻝㻯㼍㻌㼔㼍㼞㼐㼚㼑㼟㼟 㻔㻌㻯㼍㻯㻻㻟 㼙㼓㻛㻸㻌㻕
㻞㻜㻚㻜㼀㼛㼠㼍㼘㻌㼔㼍㼞㼐㼚㼑㼟㼟 㻔㻌㻯㼍㻯㻻㻟 㼙㼓㻛㻸㻌㻕
㻤㻝㻯㼛㼚㼐㼡㼏㼠㼕㼢㼕㼠㼥 㻔㻌μ 㻿㻛㼙 㻕
㻢㻚㻤㼜㻴
䡚
㻿㼠㼛㼞㼍㼓㼑㻌㼠㼍㼚㼗

P
䡚
&RSSHUWXEHPV
P
㻱㼘㼑㼢㼍㼠㼑㼐
㼠㼍㼚㼗
㻯㼛㼘㼐㻌㼣㼍㼠㼑㼞
㼟㼡㼜㼜㼘㼥
&RSSHUWXEHPV
3RO\FDUERQDWHWXEH
)ORZPHWHU
㻴㼛㼠㻌㼣㼍㼠㼑㼞㻌㼟㼡㼜㼜㼘㼥
䡚
䡚
㻾㼑㼠㼡㼞㼚
㻾㼑㼠㼡㼞㼚
㻴㼑㼍㼠㼑㼞
2.5 m/s
2.5 m/s
㻲㼘㼛㼣
㼐㼕㼞㼑㼏㼠㼕㼛㼚
㻲㼘㼛㼣
㼐㼕㼞㼑㼏㼠㼕㼛㼚
㻮㼡㼎㼎㼘㼑㻌㼐㼕㼍㼙㼑㼠㼑㼞㻌䠖 㻞㻜μ 㼙 㻮㼡㼎㼎㼘㼑㻌㼐㼕㼍㼙㼑㼠㼑㼞㻌䠖 㻞㼙㼙
㻲㼘㼛㼣
㼐㼕㼞㼑㼏㼠㼕㼛㼚
㻲㼘㼛㼣
㼐㼕㼞㼑㼏㼠㼕㼛㼚
 
 
 
 
 
 
 
 
 
 
 
Fig.4 Inner surface of test tubes. 
 
 
 
 
 
 
 
 
Fig.4 Inner surface of test tubes. 
 
 
 
Fig.5 Thickness of scale on test tube at flow rate of 
       1.5m/s. 
 
 
 
 
 
 
 
Fig.6 Typical visualization of bubbles flow nearby elbow 
     in the transparent tube at flow rate of 1.5m/s. 
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Fig.4࡟ヨ㦂㛤ጞ6ࣧ᭶ᚋࡢྛ౪ヨᮦࡢෆ㠃≧ἣࢆ
♧ࡍࠋ࠸ࡎࢀࡢ౪ヨᮦࡶ࢚ࣝ࣎⥅ᡭୗὶഃࢆቃ⏺࡜
ࡋ࡚ෆ㠃ኚⰍࡢᕪ␗ࡀほᐹࡉࢀࡓࠋࡍ࡞ࢃࡕ㸪ྠ఩
⨨ࡼࡾୖὶഃࡢ㓄⟶࠾ࡼࡧ࢚ࣝ࣎⥅ᡭ࡛ࡣ࡯ࡰ඲㠃
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ࡣ㯮Ⰽࢫࢣ࣮ࣝࡀほᐹࡉࢀࡓࠋࡇࡢᵝ┦ࡢᕪ␗ࡢㄪ
ᰝ࡜ࡋ࡚ࢫࢣ࣮ࣝཌࡉࢆ☜ㄆࡋࡓࠋFig.5 ࡟ὶ㏿
1.5m/s ౪ヨᮦࡢྛ఩⨨࡟࠾ࡅࡿࢫࢣ࣮ࣝཌࡉࢆ♧ࡍࠋ
࢚ࣝ࣎⥅ᡭୖὶഃ㓄⟶㸪࢚ࣝ࣎⥅ᡭ࡞ࡽࡧ࡟࢚ࣝ࣎
⥅ᡭୗὶഃ㓄⟶ࡢ୍㒊࡟ぢࡽࢀࡿ㯤ᅵⰍ㒊ࡢࢫࢣ࣮
ࣝཌࡉࡣ 15μm ௨ୖ࡛࠶ࡗࡓࠋ୍᪉㸪࢚ࣝ࣎⥅ᡭୗ
ὶഃ㓄⟶ࡢ㯮Ⰽ㒊ࡢࢫࢣ࣮ࣝཌࡉࡣ 6μm ௨ୗ࡜㯤
ᅵⰍ㒊ࡼࡾⷧ࠿ࡗࡓࠋ࡞࠾㸪ࢫࢣ࣮ࣝࡢᡂศࡣ㸪X
⥺ᅇᢡศᯒ࡞ࡽࡧ࡟㉥እศගศᯒ࡟ࡼࡗ࡚㸪㯤ᅵⰍ
㒊ࡀ࢜ࣝࢺࢣ࢖㓟㖡㸪㯮ⲔⰍ㒊ࡀ㓟໬㖡㸪ள㓟໬㖡
࡜ྠᐃࡉࢀࡓࠋ 
㏱᫂㓄⟶࡟ࡼࡿ⟶ෆὶື≧ែࡢほᐹ࡛ࡣ㸪㏱᫂㓄
⟶ฟഃࡢࣂࣝࣈࢆᚠ⎔࠿ࡽᨺὶ࡟ษࡾ᭰࠼ࡿ࡜㸪⟶
ෆࡢᅽຊࡀపୗࡋ࡚࣑ࢡࣟࣥࢧ࢖ࢬࡢ࣐࢖ࢡࣟࣂࣈ
ࣝࡀⓎ⏕ࡋ㸪⟶ෆࡀⓑ⃮ࡋࡓࠋࡲࡓ㸪ⓑ⃮Ỉ࡟ࡣⱝ
ᖸࡢ࣑ࣜࢧ࢖ࢬࡢ࣑ࣜࣂࣈࣝࡶΰᅾࡋ࡚࠸ࡓࠋ࡞࠾㸪
⟶ෆ࡛ほᐹࡉࢀࡓ࣐࢖ࢡࣟࣂࣈࣝࡣẼἻࡢୖ᪼㏿ᗘ
࠿ࡽ 60㹼100μm ࡜᥎ᐃࡉࢀࡓࠋFig.5 ࡟ὶ㏿ 1.5m/s
࡟࠾ࡅࡿ 90°࢚ࣝ࣎⥅ᡭ㏆ഐ࡛ࡢ␗࡞ࡿẼἻᚄ࡟ࡼ
ࡿ≉ᚩⓗ࡞ẼἻ㌶㊧ࡢ┠ど☜ㄆ⤖ᯝࡢᴫ␎ᅗࢆ♧ࡍࠋ
ὶࢀ᪉ྥࡣୗྥࡁ࡛࠶ࡿࠋ࣐࢖ࢡࣟࣂࣈࣝࡣ㸪⟶ෆ
ࢆୗྥࡁ࡟ὶࢀ㸪ࡑࡢ୍㒊ࡣ࢚ࣝ࣎⥅ᡭෆ R㒊࡟₞
㏆ࡋࡓࠋࡑࡋ࡚㸪50㹼100mm⛬ᗘࡢ⠊ᅖ࡛ ࢆᕳࡃ
ࡼ࠺࡞஘ࢀࡓὶືࢆ♧ࡋ㸪ࡑࡢᚋࡣ஘ࢀࡀ἞ࡲࡗ࡚
⟶ෆ࡟ᗈࡀࡗ࡚ὶࢀࡓࠋ୍᪉㸪࣑ࣜࣂࣈࣝࡣ㸪࣐࢖
ࢡࣟࣂࣈࣝ࡜ྠᵝ࡟⟶ෆࢆୗྥࡁ࡟ὶࢀ㸪ࡑࡢᚋࡢ
࢚ࣝ࣎⥅ᡭୗὶ࡛ࡣྜ୍ࡋ࡚⟶୰ኸ㒊࠿ࡽୖ㒊ࢆ⥺
ୖ࡟ὶࢀࡓࠋࡇࢀࡽࡢẼἻ㌶㊧ࡣ CFDゎᯒ⤖ᯝ࡜ᴫ
ࡡ୍⮴ࡍࡿࡶࡢ࡛࠶ࡗࡓࠋ 
 
䠐㻌 ⪃ᐹ 
 
㸲㸯 ₽㣗Ⓨ⏕ࡢせᅉ
㏻‮ヨ㦂࡟࠾ࡅࡿὶ㏿ 1m/s ࠾ࡼࡧ 1.5m/s ౪ヨᮦ
࡛ࡣ₽㣗ࡢⓎ⏕ࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࡀ㸪౪ヨᮦྛ㒊
࡛ࡢࢫࢣ࣮ࣝཌࡉࡀ␗࡞ࡗࡓࠋFig.6࡟₃ὤ஦ᨾࡢከ
࠿ࡗࡓ࢚ࣝ࣎⥅ᡭ㏆ഐ࡛ࡢෆ㠃≧ἣࡢ୍౛ࢆ♧ࡍࠋ
㏻‮ヨ㦂౪ヨᮦ࡛ࡣ㸪₽㣗Ⓨ⏕஦౛ࡢ₽㣗Ⓨ⏕㒊఩
࡜ྠ఩⨨࡟࡚ࢫࢣ࣮ࣝཌࡉࡀ 3㹼6μm ࡜ⷧࡃ㸪ࡇࢀ
ࡣ㸪₽㣗ࡢ඙ೃࢆ♧၀ࡍࡿࡶࡢ࡛࠶ࡗࡓࠋ୍᪉㸪㏻
‮ヨ㦂࡛ࡢ⟶ෆࡢὶື≧ែࡢほᐹ࡟࠾࠸࡚㸪࢚ࣝ࣎
⥅ᡭୗὶഃ࡛ࡣ≉␗ⓗ࡞≧ἣࡀほᐹࡉࢀ㸪࣐࢖ࢡࣟ
ࣂࣈࣝࡣྠ఩⨨࡟࡚஘ࢀࡓὶື≧ែࢆ♧ࡋࡓࠋCFD
ゎᯒ࡟࠾ࡅࡿᾮ㏿ᗘศᕸ࡟ࡼࢀࡤ㸪࢚ࣝ࣎ୗὶഃ࡛
ࡣᾮ㏿ᗘ࡟ᛴ⃭࡞పୗࡀ☜ㄆࡉࢀ࡚࠾ࡾ㸪ࡇࡢ㒊ศ
࡛ࡣᾮὶࢀ࡟஘ࢀࡀⓎ⏕ࡋ࡚࠸ࡿࡇ࡜ࢆ♧၀ࡋ࡚࠸ 
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Fig.7 Typical erosion corrosion of copper tube 
nearby elbow 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     (a)          (b) 
Fig.8 Inner surface and cross section of test tubes, 
(a) with micro-bubbles, (b) without micro-bubbles. 
 
ࡿࠋࡍ࡞ࢃࡕ㸪࣐࢖ࢡࣟࣂࣈ࡛ࣝࡣᾋຊࡼࡾὶయ᢬
ᢠຊࡀᨭ㓄ⓗ࡜࡞ࡾ㸪ࡑࡢ㌶㊧ࡣᾮὶࢀࡢᙳ㡪ࢆᙉ
ࡃཷࡅࡿࡓࡵ㸪࢚ࣝ࣎⥅ᡭୗὶഃ࡟࡚஘ࢀࡓὶື≧
ែࡀ♧ࡉࢀࡓࡶࡢ࡜⪃࠼ࡽࢀࡿࠋ 
௨ୖࡢࡇ࡜࠿ࡽ㸪࣐࢖ࢡࣟࣂࣈ࡛ࣝࡣ࢚ࣝ࣎⥅ᡭ
ୗὶഃ࡛ࡢᾮࡢ஘ࢀ࡟ᚑࡗ࡚ྠ఩⨨࡛ࡢ㓄⟶⟶ቨ࡬
ࡢ⾪✺㢖ᗘࡶከ࠸ࡶࡢ࡜᥎ ࡉࢀ㸪₽㣗Ⓨ⏕࡟ᑐࡋ
࡚኱ࡁ࡞せᅉ࡛࠶ࡿࡇ࡜ࡀఛࢃࢀࡓࠋࡉࡽ࡟㸪₽㣗
Ⓨ⏕஦౛࡛ࡣ⦪⟶㸪ᶓᘬ⟶ࡢ㓄⟶タ⨨᪉ྥ࡜ࡣ↓㛵
ಀ࡟㸪Fig.䠓࡟♧ࡋࡓ⭉㣗Ⓨ⏕≧ἣ࡜ྠᙧែ࡛ࡢ⭉㣗
ࡀ࢚ࣝ࣎⥅ᡭ㒊ୗὶഃ㓄⟶࡛ほᐹࡉࢀ࡚࠸ࡿࠋ₽㣗
ࡢⓎ⏕㢖ᗘࡢ㧗࠸ 20A ࡸ 25A ➼ࡢ⣽ᚄࡢ㖡⟶(11)(12)
࡛ࡣ㸪CFDゎᯒ࡟ࡼࡿᾮ㏿ᗘศᕸࡣ㓄⟶タ⨨᪉ྥ࡜
ࡣ↓㛵ಀ࡟ྠ୍࡛࠶ࡿࡓࡵ㸪࣐࢖ࢡࣟࣂࣈࣝࡢ㌶㊧
ࡶ㓄⟶ࡢタ⨨᪉ྥ࡟ᐤࡽࡎྠᵝࡢഴྥࢆ♧ࡍࡶࡢ࡜
⪃࠼ࡽࢀࡿࠋࡇࡢࡇ࡜ࡶ࣐࢖ࢡࣟࣂࣈࣝࡀ₽㣗Ⓨ⏕
࡟㛵୚ࡋ࡚࠸ࡿ⿬௜ࡅ࡜⪃࠼ࡽࢀࡓࠋ 
㸲㸰 ₽㣗Ⓨ⏕࡟ཬࡰࡍ࣐࢖ࢡࣟࣂࣈࣝࡢᙳ㡪
₽㣗Ⓨ⏕࡟ཬࡰࡍ࣐࢖ࢡࣟࣂࣈࣝࡢᙳ㡪ࢆ᳨ドࡍ
ࡿࡓࡵ㸪Ꮝᚄ 2mm ࡢࣀࢬࣝ࠿ࡽᄇฟࡉࡏࡓ࣐࢖ࢡ
ࣟࣂࣈࣝྵ᭷࠶ࡿ࠸ࡣ↓ྵ᭷ࢪ࢙ࢵࢺὶࢆ㖡⟶⾲㠃
࡟⾪✺ࡉࡏࡿヨ㦂㸦௨ᚋ㸪ࢪ࢙ࢵࢺヨ㦂㸧ࢆ㸪ྡྂ
ᒇᕷỈ㐨Ỉࢆ౑⏝ࡋ㸪ᾮ  328K㸪ὶ㏿ 10m/s ࡛ 3
ࣧ᭶㛫⾜ࡗࡓࠋFig.8࡟ヨ㦂ᚋࡢ౪ヨ⟶ࡢෆ㠃࠾ࡼࡧ
᩿㠃≧ἣࢆ♧ࡍࠋ࣐࢖ࢡࣟࣂࣈࣝྵ᭷ࢪ࢙ࢵࢺὶ࡛
ࡣ㯮Ⰽࡢෆ⾲㠃ࡢ୰࡟㖡Ⰽࡢ㒊఩ࡀほᐹࡉࢀ㸪ྠ㒊
఩ࡢ᩿㠃࡛ࡣ₽㣗ࡀ☜ㄆࡉࢀࡓࠋ୍᪉㸪࣐࢖ࢡࣟࣂ
ࣈࣝࡀ↓࠸ሙྜ࡟ࡣⱝᖸ⾲㠃ࡀኚⰍࡋ࡚࠸ࡿ⛬ᗘ࡛
࠶ࡾ㸪᩿㠃ほᐹ࠿ࡽࡶ₽㣗ࡢ඙ೃࡣㄆࡵࡽࢀ࡞࠿ࡗ
ࡓࠋࡇࢀࡽࡢ⤖ᯝ࠿ࡽ㸪₽㣗Ⓨ⏕࡟ᑐࡋ࡚ࡣ࣐࢖ࢡ
ࣟࣂࣈࣝࡢᙳ㡪ࡀᙉ࠸ࡶࡢ࡜⪃࠼ࡽࢀࡓࠋ࡞࠾㸪ࢪ
࢙ࢵࢺヨ㦂࡟࠾࠸࡚࣐࢖ࢡࣟࣂࣈࣝࡢ↓࠸ሙྜࡢὶ
యࡏࢇ᩿ᛂຊࡣ 271Pa࡛࠶ࡾ㸪₽㣗ࡀ㢖Ⓨࡍࡿ⣽ᚄ
㖡⟶ࡢࡑࢀࡢ 15 ಸ௨ୖ࡛࠶ࡿ(12)ࠋࡇࡢࡇ࡜ࡶ㸪₽
㣗ࡢ୺せᅉࡀ㸪ὶయࡏࢇ᩿ᛂຊ㸪ࡍ࡞ࢃࡕ㸪ὶ㏿࡛
࡞࠸ࡇ࡜ࢆ♧ࡋ࡚࠸ࡿࠋ 
㸲㸱 ₽㣗Ⓨ⏕࣓࢝ࢽࢬ࣒
ᙉไᚠ⎔ᘧ⤥‮ࢩࢫࢸ࣒࡟࠾࠸࡚⤥‮Ỉࡢ⁐Ꮡ✵
Ẽࡀ⤥Ỉࡢࡑࢀࡼࡾከ࠸ሙྜ㸪౑⏝⎔ቃ࡟ࡼࡾ㓄⟶
ෆ࡟ᅽຊኚ໬ࡀ⏕ࡌ࡚࣐࢖ࢡࣟࣂࣈࣝࡀⓎ⏕ࡍࡿࠋ
ẼἻࡢෆእᅽᕪࡣẼἻᚄ࡟཯ẚ౛ࡋ(12)㸪࣐࢖ࢡࣟࣂ
ࣈ࡛ࣝࡣෆᅽࡣ㧗ࡃ࡚ẼἻྠኈࡢྜ୍ࡸ◚Ἳࡶᑡ࡞
࠸ࡓࡵ㸪ẼἻࡢ≧ែ࡛⥔ᣢࡉࢀࡿࠋ₽㣗ࡣ㸪ࡇࡢ࣐
࢖ࢡࣟࣂࣈࣝࡀ⟶ෆࡢὶື≧ែ࡟ᚑࡗ࡚⟶ቨ࡬⾪✺
ࡋ㸪㓟໬⓶⭷ࡸࢫࢣ࣮ࣝࢆ⥅⥆ⓗ࡟◚ቯࡋ࡚Ⓨ⏕㸪
㐍⾜ࡍࡿࡶࡢ࡜⪃࠼ࡽࢀࡓࠋ࡞࠾㸪ὶయຊᏛⓗゎᯒ
ࡸ㏻‮ヨ㦂㸦⟶ෆᅽຊ 0.4MPa㸧ࡢ⟶ෆὶື≧ែࡢほ
ᐹ࠿ࡽࡶ(12)㸪࣐࢖ࢡࣟࣂࣈࣝࡢⓎ⏕ࡣ࢚ࣝ࣎⥅ᡭ࡛
ࡢᅽຊᕪ࡟㉳ᅉࡍࡿྍ⬟ᛶࡣప࠸ࡶࡢ࡜⪃࠼࡚࠸ࡿࠋ
ࡉࡽ࡟㸪࣐࢖ࢡࣟࣂࣈࣝ࡟ࡼࡿ㓟໬⓶⭷࠾ࡼࡧࢫࢣ
࣮ࣝࡢ◚ቯ࣓࢝ࢽࢬ࣒ࡀ㸪ẼἻࡑࡢࡶࡢ࡟ࡼࡿࡶࡢ
࠿㸪࠶ࡿ࠸ࡣẼἻ◚ቯ᫬ࡢᅽຊఏ᧛(13)(14)࡟㉳ᅉࡍࡿ
ࡶࡢ࡛࠶ࡿ࠿ࡣ௒ᚋࡢ᳨ドࡀᚲせ࡛࠶ࡿࠋ 
 
㸳 ⤖ゝ

₽㣗Ⓨ⏕࡟㛵ࡋ࡚㸪CFDゎᯒ࡟ࡼࡗ࡚ẼἻ㌶㊧ࢆ
ィ⟬ࡋ㸪㏻‮ヨ㦂࡟ࡼࡿ⟶ෆὶື≧ែࡢほᐹ࡞ࡽࡧ
࡟⭉㣗≧ἣࢆㄪᰝࡋ࡚₽㣗⌧㇟࡟ཬࡰࡍẼἻࡢᙳ㡪
ࢆㄪ࡭㸪௨ୗࡢ⤖ㄽࢆᚓࡓࠋ 
(1) ࣑ࢡࣟࣥࢧ࢖ࢬࡢᚤ⣽ẼἻ㸦࣐࢖ࢡࣟࣂࣈࣝ㸧 
ࡣ࢚ࣝ࣎⥅ᡭୗὶഃ࡟࡚≉␗ⓗ࡞ὶືࢆ♧ࡍࡓ
ࡵ㸪⟶ቨ࡬ࡢ⾪✺㢖ᗘࡀ㧗࠸ࠋ 
㻲㼘㼛㼣
㻼㼛㼞㼠㼕㼛㼚㻌㼛㼒
㼐㼕㼞㼑㼏㼠㼕㼛㼚
㼑㼞㼛㼟㼕㼛㼚㻌㼏㼛㼞㼞㼛㼟㼕㼛㼚
㻞㻜㼙
(2) ࣐࢖ࢡࣟࣂࣈࣝࢆྵࡴỈὶ࡟࡚₽㣗ࡀ෌⌧ࡉࢀ
ࡓࠋ 
(3) ₽㣗ࡣ㸪࣐࢖ࢡࣟࣂࣈࣝࡀ⟶ෆὶື≧ែ࡟ࡼࡗ
࡚⟶ቨ࡬⾪✺ࡋ㸪㓟໬⓶⭷㸪ࢫࢣ࣮ࣝࡀ⥅⥆ⓗ
࡟◚ቯࡉࢀ࡚Ⓨ⏕㸪㐍⾜ࡍࡿࡶࡢ࡜᥎ᐃࡉࢀࡓࠋ 
 
ㅰ㎡

ὶయຊᏛⓗゎᯒࡢᐇ᪋࡟࠶ࡓࡾ㸪ྡྂᒇ኱Ꮫ኱Ꮫ
㝔ᕤᏛ◊✲⛉࣭ᆏᮾⰾ⾜ඖ෸ᩍᤵ㸪Ᏻ⏣ၨྖ෸ᩍᤵ
࡞ࡽࡧ࡟ྠ◊✲ᐊࡢᏛ⏕ࡢ᪉ࠎࡢࡈ༠ຊ࡟ឤㅰ࠸ࡓ
ࡋࡲࡍࠋ 
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